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A method of making integrated optical waveguides, and an 
optical unit having integrated optical waveguides. 



10 



15 



20 



30 



The invention concerns a method of making a structure of 
integrated optical waveguides on a plane face on a 
substrate, and is moreover of the type defined in the 
introductory portion of claim 1. The invention also 
concerns an optical unit having a waveguide structure as 
defined in the introductory portion of claim 18. 



In optical data communication, information is transferred 
as light pulses in optical fibres. To process the 
information in the optical fibres in an efficient manner, 
efforts are devoted to the development of industrially 
useful components constructed as integrated optical 
components, i.e., optical waveguide components and the 
like made, e.g., in silica, and typically provided on top 
of a silicon substrate (wafer) . Integrated, optical 
waveguides are relatively large compared with components 
known from integrated electronics, and therefore not very 
many components can be accoiranodated on a substrate wafer. 
Furthermore, two closely spaced components will interact, 
which additionally reduces the number of components on a 
25 silicon wafer. 

Different types of glasses may b© used in the fabrication 
of, e.g., waveguides. These types of glasses may coarsely 
be divided into two main types, namely soft glass and 
hard glass. The soft glass is doped with either boron, 
phosphorous or arsenic (if necessary combinations 
hereof) . When the glass contains these elements, its 
flow- transition point is lowered, i.e., the temperature 
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wh... the glass becomes relatively li^u^^, 
then be possible to n,e,ce the glass flow at relatively low 
te^ratures ,1000 - 1100 degrees centigrade, . Hard glass 
is „.thout the above-^ntioned dopants and therefore will 
not begin to flow at these temperatures. 

Regardless whether hard or soft glass is involved, the 
gless ™ay furthermore be doped with one of the rare 

irtVch'"' °' ytterbium, by means 

Of Which an active unit may be obtained. As an example 
erbium .s used in the optical fibre amplifiers now 
fre<,ue„tly used, and lasers may be fabricated in erbiu. 
doped fibres as well. The rare earths may thus be used 

diminishes during transmission due to optical losses. 
Erbxum .s especially interesting since it may amplify the 

Ts 7n. n: " -velength, which 

.s one Of the wavelengths most fre<^ently used in 
telecommunication. Therefore, it will be of interest if 
erbium doped waveguides could be fabricated. 

A typical ^thod Of manufacturing optical waveguides is 
to deposit a relatively thict layer of glass having a low 
refrectxve index on the substrate wafer. On top of this a 
thinner layer of glass having a high refractive index 1^ 

TZT T ^ '"""^ ^-"--^ ---^ 

i performed in the latest deposited layer, such that an 

essentially rectangular waveguide profile is produced 
X e i ^^^^^^^^ . 

rxdges on the thick glass laver- tk 

procedure gives ri«. ^ n^nufacturing 
e gxves rxse to roughness on the sides of the 
waveguide, thereby causing losses. To protect thi 
waveguide, a further layer of silica glass hav^g 
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refractive index is deposited on top of the ^mountain 
ridges". 

One of the most frequently used methods for deposition of 
glass is PECVD (Plasma Enhanced Chemical Vapour 
Deposition) . This is particularly so concerning erbium 
doped waveguides, where PECVD on the whole is the sole 
method which can ensure a well-ordered incorporation of 
the erbixam ions in the glass matrix as well as in a 
sufficient amount, such that fabrication of waveguides 
with a large, homogeneous, erbium concentration is 
possible. 

However, PECVD glass is deposited in a non conformable 
15 manner, which means that the structure of the resulting 
surface after deposition may be considprably different 
from the starting point. This has some rather unfortunate 
properties, namely that there will be a tendency towards 
forming air pockets or voids along the waveguide, and 
that areas where there is a small distance between two 
adjacent waveguides (e.g., in a directional coupler or a 
splitter) tend not to be completely filled, which is 
detrimental to the properties of the component. These air 
pockets give rise to losses since the distribution of the 
optical energy along the waveguide will be considerably 
affected by these, and the distribution of the optical 
energy around the waveguide core will be asymmetric, as 
the air pockets act as optical isolators. 

30 At the same time it will be extraordinary difficult to 
ensure a plane surface after the latest deposited silica 
layer, since the waveguides, as mentioned, lie as 
scattered mountain ridges on the wafer. Even with the 
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application of a verv limiiH 

^ liquid polymer film, it will be 

dxffxcult to obtain a plane surface as fh^ i 

t-^r.H^ ^ . .^ ""ace, as the polymer film 

tends to slide down from the too of 

^ ^^P of the waveguides to a 
lower level around the waveguides. 

problems to soxne extent. After the fabrication of the 

waveguide cores a thin (approx 3 i 

^ ^ layer of boron- 
and/or phosphorous -doped glass (i.e soft oi . - 

-4- J soft glass) is 

12-ho„. heat t.eat™.„t ,t 1100 deg.ee. centig^de in a„ 
at™o.phe.e of nitrogen. The Just deposited soft glass 

procedure of depositing a thin layer of soft glass with 
subse<^ent heat treat^nt is repeated two ti„es, after 
whxch the structure has such a nature that the thicker 
glass layer ^ deposited without introducing voids or 

axr pockets. The thicker glass layer is then given a heat 
treatment too. The waveguide core is thus given four heat 
treatments at 1100 degrees centigrade, each of 12 hours- 
duration . 

This „»thod is, however, difficult and ti„.-co„susang 
-d has the great disadvantage that erbiun. dopL 
waveguides cannot withstand the high ten^ratures and L 

TLZT°": ""^^ " detrin^ntal to the erbium 

distribution i„ the waveguide. At high te^ratures the 
-biu^ ions begin to diffuse around in the glass „«trix. 
They have a pronounced tendency towards for„,i„g clusters 
Which destroys their otherwise positive influence. 

OS . g02 006 describes an optocoupler on a substrate 
Where the actual waveguide is for^d. The cores of LI 
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waveguides are rounded by means of heating. This method 
cannot be used on waveguides formed in hard glass, which 
has better optical qualities than the soft glass. 

5 Waveguides may also be fabricated by first depositing a 
glass layer having a low refractive index, etching or 
otherwise forming a channel in this glass layer, and then 
depositing a glass layer having a higher refractive index 
(core refractive index) in the channel, which then 
10 constitutes the waveguide. 

US 5 037 168 shows such an optical waveguide fabricated 
in an SiON- substrate having etched therein a channel 
which, before establishing the waveguide, is lined with a 
polymer smoothing layer which is spun on the substrate. 

Using this method, however, one finds the same problems 
as described above. If the glass layer, which will act as 
the waveguide, is deposited by PECVD, and this is the 
sole applicable method regarding erbium doped waveguides, 
as mentioned, voids will form near the corners of the 
channel . 

The object of the invention is to provide a method of 
fabricating a structure of integrated optical waveguides 
on a plane surface on a substrate, by means of which the 
creation of air pockets or voids may be avoided. 

This object is achieved in that the channel in the 
surface of the first glass layer is formed or, before the 
deposition of the second glass layer, is treated such 
that at least the parts of the channel sides nearest the 
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The formation of the <-lr,.,«-^ 

rne closed pockets will herebv ho 

surface without sharp or vertical edges. 

in the case where the waveguides are ronned as ^untain 
^dges on a giass la.er or o„ the substrate, and 

c :„nT°^ r"^^" "^"^'""^^ ^-^^-^ ^-stitutes t: 

as LtL „ I " "—section, e.g. etching. 

3S stated .„ cl,.„s 3-6. This has the advantage that Jr^ 
^ass^can ^ used .or the waveguides, which Ln i 
be erb^un. doped since no iong heat treat„.ents at h gh 
temperatures occur. The fabrication time is furth 
-=rt and theret. reduces the costs. rinaT^^:: 

The treatment of i-h*a «^ 

ox tne edges of th*:^ 

advantageousi. be perform, .3 stated in cia rr si^I 

a -ngie heat treat^nt ensures that the edges or th^ 

Channel are rounded, since, here, the channel is 

in Cladding glass, it will „ot contain anv K- 

and can therefore withstand a heat ^Z^\ "^"^"^ 

-ges advantageously have ^ITVr 

1 id V e raax i of cu rva tu re of k ^ 

san. order of ^^gnitude as the final .epth of 
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channels, i.e. at least one tenth of this. The radii of 
curvature are controlled by the temperature and the 
duration of the heat treatment. 



5 If the substrate is composed of a suitable glass 
material, the first glass layer may be formed by one of 
the sides of the substrate, but often, as stated in claim 
12, a relatively thick buffer layer of glass will be 
deposited on the substrate. The channels may then be 
10 etched in the surface of the buffer layer, after 
preceding deposition of an etch mask on the surface. The 
buffer layer ensures minimal coupling between the 
waveguides and the substrate, which is typically composed 
of silicon. 



The second glass layer may e.g. be deposited by means of 
PECVD (Plasma Enhanced Chemical Vapour Deposition) . 
Plasma deposition is relatively slow, and therefore the 
deposition may advantageously be stopped just after the 
channels are completely filled (1-2 ym above) , so that 
the channel pattern is still recognisable through the 
second layer. The filling must be at least 5 - 8 pm 
higher before the surface of the second layer may be 
regarded as being plane. 

Therefore, a polymer film may advantageously be applied 
by spin-on, since the very liquid polymer material will 
fill up the channels without any problems and form a 
completely plane surface. It is important to use an 
etching means here which exhibits the same etching rate 
in both the polymer film and the second glass layer, at 
any rate when etching in both polymer and glass. 



7 



BNSDOCID: <WO 9641219A1_L> 



20 



WO 96/41219 

PCT/DK96/00247 

Finaxiv. the etchi„,-a„3v of the layer proceed 

pit" -"icient to remove also the uppe^o^t 

portion of the first laver Th. 

±ayer. The uppemost and widest 
layer of the channel will be removed hereby. 

AS stated in clain. 17. an extra, relatively thin layer of 
,lass corresponding to the first ,lass layer .«y be 
deposited. The etched surface on the first ,l,ss layer 

from the roughness of the second glass layer. The 
deposition Of this further glass layer before the 
deposition Of the second glass layer causes the 
roughnesses to be adapted, thereby reducing the optical 
losses of the waveguide. 

Sinee the surface of the first glass layer with fiiXed 
Channels ^ay hereby be .ade con^Xetely plane, also the 
^thxrd glass layer „«y be ^de completely pi.„e. The 
interface between the core and the cladding of the 
waveguide will simultaneously have 
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30 



" very small 

roughness. Pinally, there will be no air poCets or voids 
causing losses, only a s™all portion of the optical 
energy Will ^..^te into the cladding, and this portion 
"xll be approximately rotationally symmetrical about the 
central axis of the waveguide. The coupling between two 
waveguides can hereby be controlled very accurately Z 
controlling the distance between the waveguides. 

Thus the third glass layer can for., the basis for 
additional channels for the formation of a new layer of 
waveguides, and will thus also serve as th. f . 
lavoi- fr.^ ® first glass 

layer for the new waveguide layer. it win thus be 
possible to for™ a structure having „a„y. parall^ 
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waveguide layers. Here, the third layer is to have a 
thickness of 3-5 times the depth of the channel if 
optical separation is to be achieved. If optical coupling 
is desired, the distance between two waveguides must be 
5 e.g. 1-5 urn according to the strength of the coupling. 

When the first glass layer on the substrate is heated, 
the edges of the channels tend to become slightly 
trapezoidal, for which reason, of course, the invention 
also concerns an optical unit of the type defined in the 
characterising portion of claim 18. 



10 



The invention will be described more fully below in 
connection with preferred embodiments and with reference 
15 to the drawing, in which 

fig- 1 shows a drawing of a picture taken with an 
electron microscope of a cross-section of a substrate 
with applied glass layers made according to the 
20 invention, • 

figs. 2-19 illustrate various procedures in the making of 
a waveguide structure according to the invention, 

25 fig. 20 shows an example of voids,. 

fig. 21 shows a channel according to the invention, and 

fig. 22 shows the channel from fig. 21 filled with a 
30 glass layer. 

Fig. 2 shows a standard silicon wafer 1 which is used as 
a substrate in the preferred embodiment. A skilled person 



9 



BNSOOCID: <WO 9641219A1 J_> 



wo 96/41219 

PCT/DK96/00247 

Will realise that the di™.„.io„s are not drawn to scale 
.n the illustratec exa^le. but this ha. been done for 
clar.tv and .or faoilitatin, the understanding of the 

invention . ^ 
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TO avoid bubble formation in the glass layers on the 

sxlicon substrat© i^i-*-^ , 

prior to .J "^^ ^ oxidised by heating 

Pr.or to the application of glass, thereby forMin! 
silicon dioxide on the surface of the substrate 

AS Shown in fi,. 3, , relatively thiOc layer of glass 2a 
s deposited on the silicon Wafer l, e.g. ^ 

<Plas™a Enhanced Chemical Vapour Deposition, . .his fi^ 
.lass layer 2a serves as a first glass layer in a buffer 

(optical separation, between the wafer l and the 
waveguides for^ later. The thickness of the glass layer 
2a .s typically about 15 ^ or „„re. The glass layer 2a 
"«y be a phosphorous glass ,PSG, , a boron glass ,BSG, or 
l.ke in the preferred e™bodi:„ent, a co.*.ination ,BPSG, ' 
Another layer 2b of phosphorous and/or boron doped glass 
is applied on top of the glass layer 2a. The layers 2" 
and 2b are collectively designated by the referen 
nun^ral 2. If the silicon wafer l is „ot ^ .""^"'"""^ 
, ^ not oxidised, the 

glass layer 2a has to be non-doped. 

As shown in fia «^ 

rig. 5, a thm mask layer 3, e a 

Polys.licon is then applied, and this layer for:s pa^t 
Of the ™a=. formation in the etching of the channels As 
sho™ xn fig. a thin photoresist layer 4 is applied Z 

iiim technique. The photoresis^ ^ 
^eveloped^fixed in a .own .„ner"Las"s ofTe^l 
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Of the wafer will hereby be exposed, which is shown in 
fig. 7. 



The subsequent etching with e.g. KOH or RIE (SF« + Oj) 
causes the mask layer 3 to be removed in the exposed 
areas 5, which is shown in fig. 8. The photoresist mask 4 
is then removed, as appears from fig. 9, while the 
polysilicon layer 3, to which the pattern of the 
photoresist mask has been transferred, is maintained. The 
polysilicon layer is more stable during the subsequent 
glass etching than the photoresist mask 4. 



As appears from fig. 10, trenches or channels 6 are 
etched below the exposed areas with the polysilicon layer 

15 3 as a mask. The channels 6 have an approximately 
rectangular cross-section with a height and a width 
corresponding to the dimensions of the waveguide which is 
being established. The polysilicon layer 3 is then 
removed, thus leaving the first glass layer 2 naked, but 

20 provided with channels for the formation of the 
waveguides, which is shown in fig. 11. 

When the glass layer 2 is boron and/or phosphorous doped 
glass (BPSG), heating of it to a temperature of about 

25 900-1100 degrees centigrade for a period of from, e.g., a 
few hours up to 12 hours, according to the temperature 
and boron/phosphorous concentration, ensures that the 
edges of the channels are caused to flow, whereby the 
sharp top edges or bottom corners of the trench or the 

30 channel become soft and rounded. This is shown in fig. 
12. The heating is to take place at a ten^^erature which 
is higher than the flow temperature of the glass, and is 
to have a duration which is long enough for the Idges to 
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flow. The .„„„<,,d ,H,„„^,^ d.si3„.ted by the 

reference „u„er.l,,. Phosphorous i„o«ases the refractive 
xndex, While boron reduces it.- Both materials reduce the 

r 1 ow tempera ture . 

The radii of curvature of the rounded corners win be 
considerably larger than the radii or curvature of the 
^annel edges produced by etching alone. Typically the 
radix of curvature will be of the sa^ order as the depth 
of the channels, i.e. the ratio of th» ^ 
will be from 0 1 to lo „ . Parameters 
e from 0.1 to 10. Heating is mentioned as baino 
suitable for achieving the soft edges, but other me" L 
n«y be used, e.g. laser treatment of the edges. 

The glass layer 2 with rounded channels 7 may then 
optionally be coated with a ,„ite thin layer of gla!s 
corresponding to the fi.st glass layer 2. This layer will 
Hav thinness of below 1 ^ and will ,„s„re adaptation 
the roughness of the first glass layer to the actual 
waveguide core. This reduces the optical losses of the 
waveguide. However, the heating win ,,,,3,^ J 
considerable smoothing of these roughnesses. The layl^ 
™y be a low refractive fusion layer, so that L 

known from fibre optics. 



30 



Itra Tias r ^ ^'^''^ ^ ^'^ - 

extra glass layer or directly on the glass layer 2, which 

second glass layer is to form the core of the waCegu de 
and therefore Has a refractive index which is slightly 
greater than the refractive index of the cladding, 2TZ 
consists i.a. of the layer 2 The , 
t>. ■ I i ine glass layer 9 has a 

thxckness such that the channels 7 are 

/ are more than 
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completely filled. Since the waveguide is typically 
rectangular having a cross-section of 6-8 pm, a layer 
thickness of 7-ll pm is usually suitable. As shown in 
fig. 13, the channel structure is still visible through 
5 the second glass layer 9. 

To facilitate the subsequent deposition of the polymer 
film, the substrate with glass layers may be heated, the 
result of which is shown in fig. 14. It will be expedient 
to apply a very liquid polymer film 10 by spin-on, since 
this, following baking, will cover the surface of the 
wafer with a completely plane layer. This is done in fig. 
15. 
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as 



15 The core layer 9 may be doped with rare earths, such 

Er or Yt, if an active conqaonent is to be established. In 
addition, it may be doped with Al or La, if the 
efficiency of the component is to be increased. First, an 
aggressive etch is used for removing the polymer film to 

20 a level corresponding to the surface of the core layer 9, 
see fig. 16. 

Then, an etch is selected, having the same etching rate 
for the polymer film 10 and for the second glass layer 9. 
A plane surface is hereby maintained during and after 
etching. This is shown in figs. 17 and 18. It may be 
expedient to control the etching so that it is 
interrupted only when, e.g., 0.1 ym of the glass layer 2 
has been removed as well. Examples of etch include 
(optionally RIE> plasma etch. 



The polymer film 10 may optionally be omitted, if the 
glass layer is allowed to grow, to, e.g., the double 
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thickness, as the depressions 11 <3ee fig ,3, on th 
upper side of the layer will l 

" ^® ^^ss pronounced. Fia 18 
shows a waveguide core 13 th^ r.i 

the plane surface of the fi r- .si- 
waveguide layer 2. rxrst 

Fig. 19 shows that a third glass layer 12 whi K 
corresponds to the first glass Xajer ^ ^^^^^ 
material i « -j terms of 

materxal, is deposited on the 

tne exposed surface 4-w 
glass layer 2 TH<a^«^ - "^J-ace of the 

yer The deposition may take el =.r,c. 

y i-aKe place using PECVD. 

The result will then be an «^4-- , 

" tje an optical unit, which i« =k 
- fig. 19, Where a waveguide 13 is . 

glass layers 2 12 .k- k surrounded by two 

j-ayers 2, 12 which serve as a ^1 -i-i- 

wavegu.de. .he glass layer 12 usually J^rtl ^ 
10-20 .m .f optical isolation is JJZ \T\ T' 
optical coupling is desired and th 

above can th.n k Process outlined 

can then be repeated on the upper side 14 of the 
glass layer 12, which will th^r, ^ la of the 

wixi then constitute the f i 
glass laver in <-k^ ^ rirst 

ayer m the repeated procedure Th„c, 

no p.„.xe.s or „„aesi„bx. interaotion b.t„r„"i! 
individual waveguidos. "acween the 

Fi9. 1, which is a drawing of a picture of 
corresponding to the one i„ 1. ""'^ 

electron „icro.cope. clearly shows the " 

glass layer and it L. ^LTLZ 
-nished waveguide 13 .see also Z \.T wlTl" h 
^PproKi^tely trapezoidal cross-section tL t " 
si..s converge in a direction toward the sUTrarr 
the glass layer 2 deposited first The 1 ^ 
the lines is disposed outside the p^ctrrl . °^ 
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Fig. 20 shows an example of how the mentioned air pockets 
and voids may look like in the situation, where a layer 
of cladding glass is deposited to cover two closely 
spaced waveguides. The picture is a drawing of an SEM- 
picture (Scanning Electron Microscope picture). A 
structure having typical dimensions for a directional 
coupler is etched into a silicon substrate 21, followed 
by a layer of PECVD deposited glass 22 over the etched 
structure. The waveguides 23 are 6 pm on each side. As is 
evident from the picture, there are areas 24 next to the 
sides of the waveguides where the glass has not merged in 
the deposition process, and which appear as slanted 
cracks. Such a void gives rise to optical losses, and at 
the same time makes the glass unstable, since the crack 
is likely to grow with time. As is evident, a very large 
void 25 is present between the two waveguides, and a 
structure like the one shown will never be able to 
function as intended. The figure is therefore just 
intended to show the problems regarding PECVD. 
Furthermore, it should be noted that the resulting 
surface 26 is far from being plane. 

The process is based upon the fabrication of channels, 
which are subsequently filled. In this context, the 
volume between two closely spaced waveguides may be 
considered as a channel which has vertical side walls, as 
is seen in fig. 20. Such a channel can, as is seen, not 
be filled. Therefore, it is necessary to shape the 
channel in such a way that PECVD glass can be deposited 
in the channel. The problem can be solved with a channel 
like the one shown in fig. 21. The process is here based 
upon a channel 28 having slanted side walls, etched into 
the first glass layer 27, which is subsequently filled. 
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It has been possible to device an 

pLi "^"-"""^ ^°"o™ =o„e„ give rise to 

problems, and it is therefore i„^rt,„t to control ul 
lower parts of the side «ells. 

The next step is to fill the channel with glass in such 
way that voids do not appear. This is =K " 
"here the channel -- 



28 is 



.0 deposited glass .^Ver".,;;.t:r ^^ds .^^r th^ .la^ 
l^ne 30, Which is drawn, indicates the level to whLe 
surplus glass must be removed. The result is . T 
wi^^, = ^1 result IS a structure 

Iris t r " 1- are 
present, having a traoezoiHai 

Finallv . 1 trapezoxdal cross-section, as shown. 

Fxnally, a layer of glass is deposited on the top to 

protect the waveguides. ° 
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1. A method of making a structure of integrated optical 
5 waveguides on a plane face on a substrate, said method 
comprising : 

• forming a first glass layer (2; 27) having a plane 
glass surface; 

• forming a channel (6, 7; 28) in the plane glass surface 
10 on the first glass layer; 

• depositing a second glass layer (9; 29) on the glass 
surface formed with a channel (6, 7; 28); 

CHARACTERIZED in that the channel (6, 7; 
28) in the first glass layer surface is formed or, before 
the deposition of the second glass layer (9; 29) , is 
treated such that at least the parts of the channel sides 
nearest the bottom of the channel converge toward the 
bottom of the channel . 



15 



20 



25 



30 



2. A method according to claim 1, CHARACTER- 
IZE D in that the deposition of the second glass layer 
(9; 29) is done using PECVD (Plasma Enhanced Chemical 

Vapour Deposition) . 

3, A method according to claim 1 or 2 , wherein the 
structure of integrated optical components is composed of 
at least two closely spaced waveguides (23) of a glass 
material having a core refractive index surrounded by a 
glass material having a cladding refractive index, which 
is lower than the core refractive index, C H A R - 
ACTERIZEDin that 
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. tHe .i.st ,13.. .av.. H.vi„, a plan. ,le.. s„.a.e 

IS formed With a core refractive index, 
- that the Channel (28) in the surface of the firat , 

-Ver is for„., ,,,, the at lea t t" 

5 waveguides, and so that the parts of the h 

nearest the botto. of the channel ' 
w ^ Channel converge toward 

bottom of the channel and 

• that the second glass layer #29^ k 

r-of^^ 4-- ^ having a claddiha 

refractive index is. deposited on the «1» 

the channel (28) . ^ ^^t*' 

4. A n^thod according to claim 3, c H A r A c T E R 

I 2 E D m that the channel (28) is for^ 

that ii- r^K♦- formed in such a way 

that It obtains a trapezoidal cross-section the 

15 which converge toward the H^i-*- °^ 

ge coward the bottom of the channel. 

5 A method according to claim 3 or 4 , c H A R a C T E R 
I Z E O in that the channel (28) is formed by etching Tr. 
the surface of the first glass layer ^ 

20 

6 A thod according to claims 3-5, CHARACTER- 

X Z . o in that a part of the second glass layer L, is 

removed to a level where the surface will k , 

"here substantially just „la >. ^"^ 

refractive index 1. Z\^s::i .TT ' ^'^^'"^ 
^ ^ . pr-esent xn the channel ioax 

formed .„ the first glass layer, and that a thi^: g L 
layer having a cladding refractive index is deposit! 
top of said plane surface. eposited on 

'» 7. A method according to claim 1 or 2 wh 

structure of integrated optical components .T^Z^T 
a waveguide (I3i «f , termed by 

y -i-ue II J) of a glass material k 

-tractive index surrounded by a glass Lt "' ^ ""^^ 

y g^ass material having a 
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Cladding refractive index, which is lower than the core 
refractive index, CHARACTERIZED in that 

• the first glass layer (2), having a plane glass surface 
is formed with a cladding refractive index; 

• that the channel (6, 7) in the surface of the first 
glass layer is treated in such a way that the parts of 
the channel sides nearest the bottom of the channel 
converge toward the bottom of the channel; and 

• that the second glass layer (9) having a core 
refractive index is deposited on the glass surface in 
which the channel (6, 7) is provided. 

8, A method according to claim 7, CHARACTER- 
IZE D in that the channel is treated so that the sides 
or transitions of the channels to the bottom of the 
channel extend over curved faces . 



9. A method according to claim 7 or 8, CHARAC- 
TERIZED in that the channel is treated so that the 

20 sides or transitions of the channels to the plane surface 
of the first glass layer extend over curved faces. 

10. A method according to claims 7-9, CHARACTER- 
IZE D in that, prior to the deposition of the second 

25 glass layer (9) , the first glass layer (2) provided with 
a channel (6, 7) is heated to a temperature which is 
higher than the flow temperature of the first glass layer 
(2) , and that the heating is performed for a period of 
time which is sufficient to ensure that the edges of the 

30 channel (6, 7) flow. 

11. A method according to claims 7-10, C H A R A C- 
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TERiZEDin that a oart 

roi • ^ second glass layer 

(y) IS removed to a 1 c^ir^i k • ^ ^ j-ayer 

t^i 1 1 w '-ore refractive index 

« 11 present in the channel „ ^^^^ 

Slass layer, and that a third glass layer ,12, T " 
cladding refractive index i. H ' ^ 

i deposited on top of l-K» 

first Plane surface with the channel <6 7, fi!// 
9lass having a core refractive index. 

12. A ,„ethod according to claims 7-n, c H A R a c 

T E R I Z E D in that the formation of the ol3n= 

Of the first glass layer ,2, co™ " 

al.„, , comprises deposition of a 

glass layer on the substrate face. 

"e r 7TT '° "'""^ <= H A R A c- 

T E R I z E D in that the formation of channels ,6 7, i„ 

the Plane surface of the first glass layer ,2, 

etchinrr ^ xayer (2) comprises 

etching Of the surface, and that, prior to etching, the 

first Plane surface is provided with a nask ,3 J J ! 

exposes a pattern on the surface so that cLI el '.e " 

are for^d in the exposed areas by the etching. 

A method according to claim 7, c H A R a c T E R- 
I ^ E !> in that the second glass layer ,9, is I 
w.th a polymer film „o, ^ spin-on prLr 17 .Z^Z 

IB. A method according to claim 14, c „ a R a c , z R- 

-ns wL;: hts^th" ■"-^^ an etching 

Which has the same etching rate fo^ 
film (10) anrt «-K ^^'^ polymer 

m (lO) and the second glass layer (9) . 

16. A method according to claims 7-15, C H A r a c- 
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20 



T E R I Z E D in that the etching-away of the second 
glass layer (9) comprises etching of part of the surface 
of the first glass layer (2) . . 

17. A method according to claims 7-16, C H A R A C- 
T E R I Z E D in that an additional layer of glass of the 
same material as the first glass layer (2) is deposited 
on the first glass layer (2) surface with channels (6, 7) 
having rounded edges prior to the formation of the selond 
glass layer, and that the additional layer of glass is 
thin with respect to the thickness of the second layer of 
glass (9) . 

18. An optical unit having a waveguide structure on a 
substrate, said waveguide structure comprising two layers 
of glass (2, 12) which surround at least one waveguide 
(13) of glass having a core refractive index higher than 
the cladding refractive index of the glass layers (2, 
12), CHARACTERIZED in that the waveguide (13)' 
has an approximately trapezoidal cross -section , and that • 
the trapezium has two opposed sides which converge toward 
each other in a direction toward the first deposited 
cladding layer (2) of the two cladding layers (2, 12) . 
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